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A STUDY OF GRAVEL, TOPSOIL, AND SAND-CLAY 
ROADS IN GEORGIA 


Report on Cooperative Research by the State Highway Board of Georgia and the U. S. Bureau of Public Roads 


By Dr. C. M. STRAHAN, Acting as Special Director of Research for the State Highway Board of Georgia 


N 1922 the State Highway Board of Georgia and the 
United States Bureau of Public Roads entered into a 
cooperative agreement for the study of local gravel, 

chert, semigravel, topsoil, and sand-clay roads in 
Georgia. The investigation was directed to a deter- 
mination of the scientific combination of soil ingredients, 
traffic behavior, and economic life. 

Twenty-nine projects on the State system constructed 
by the State highway department with Federal aid 
were selected for study. These projects represented 
typical topographic, climatic, and subgrade conditions 
and comprised a total length of 247 miles. All of the 
projects had been completed between 1919 and 1921 
and had been maintained by county authorities, and 
in 1922 were in process of transfer to the State highway 
board for future upkeep. The opportunity was at hand 
for keeping complete records of maintenance costs, insti- 
tuting traffie counts, and pursuing systematic labora- 
tory and field research in relation to the projects chosen. 

The list selected comprised the following: 

Two chert roads in northwest Georgia, where liberal 
deposits of chert are found amid prevailing surface 
soils of limestone and clay origin. 

Three projects in west central and southwest Georgia 
built from the abundant local red pebble or iron-silica 
road soils. 

Two roads built from local clay-gravel material; one 
in Richmond ahd the other in Quitman County. 

One gravel road built from imported gravel on a 
subgrade of fine sand in Charlton County, where no 
local road soils were available. 

Two projects largely built with artificial sand-clay 
mixtures using the existing red clay subgrade material 
into which coarse sand was incorporated. 

Two semigravel roads in northeast Georgia built 
from local deposits running high in natural quartz 
material coarser than No. 10 sieve. 

The remaining 17 projects were built from local sand- 
clay and topsoil deposits found near the road site. 

The range of materials embraced by the individual 
sampics reaches from the best semigravel and class A 
soils | ¢ classification on page 118) down to a few weak 
class materials. The majority of the road soil 
projec! show the presence of class A and class B soil 
morta: associated with coarse material varying from 
zero to 50) per cent. 

For cconomy in construction the deposits sought for 
and used were those within short haul of the work. An 
average haul of 1 mile or less was thus obtained. In 
Consequence various deposits were utilized on long proj- 
ects, resulting in notable variations in composition and 
behavior for different sections of the same project. In 


studying the detailed analytical data, this fact must be 
borne in mind. 


RESEARCH PROGRAM CAREFULLY OUTLINED 


. The research was carried out according to the follow- 

Ing program : 

‘ r caretal inspection trips were made each spring 
nd fall on which notes were taken and photographs 
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made. One hundred and eighty sample points were 
carefully located and samples were taken on each for 
analysis and laboratory study. 

On the spring inspection a record was made by notes 
and photographs of any weakness developed by winter 
and wet spring weather and of maintenance results. 

2. Systematic traffic counts were made on each proj- 
ect. A daylight count during eight days of each month 
in alternate vears was begun, using two days of each 
week thus: Sunday and Monday of the first week, 
Tuesday and Wednesday of the second week, and so 
on. This plan was used for two years, after which it 
was found that the average figures for spring, summer, 
fall, and winter, computed for all months in each season, 
practically coincided with the 8-day seasonal count in 
February, May, August, and November. Thereafter, 
8-day seasonal counts were taken. 

3. Maintenance cost records were instituted and 
systematically kept. 

4. Laboratory studies covered the several soil ingre- 
dients (coarse material, sand, silt, and clay) in their 
various physical and capillary interactions, and inci- 
dental tests were tried out. 

5. Depths of surfacing at the sample points were 
recorded each year as a factor bearing upon the loss of 
material and upon the influences of maintenance opera- 
tions. 

The broader aims of the research were twofold. First, 
to determine construction and maintenance costs, resid- 
ual surface thickness, traffic burden, and salvage value 
at a given time as a basis for conclusions as to the 
economic worth, and life efficiency. Thus, a measure 
of traffic capacity and cost relations could be quantita- 
tively determined. 

The second objective was to determine the causes 
of surface strength and weakness, to develop tests and 
standards, and to improve traffic service for such 
abundant and low cost road materials. 

This program has been steadily followed for five 
years, extending from July, 1922, to July, 1927. 
Incidental to field inspection of the 29 widely separated 
projects, some 1,800 miles of State highways were 
traversed twice each year. Most of this large mileage 
is of road-soil type. Observation and notes have thus 
been greatly extended as to the general behavior of 
road soils on the State system. The research, while in 
progress, has been useful in relation to current main- 
tenance methods, drainage needs, and reconstruction 
problems to be anticipated. 

Perhaps the broadest bearing of this research is in 
connection with the future of secondary and lhght 
traffic roads which require better utilization of natural 
soils and deposits for improved service. Main roads 
will ultimately be paved. The 90 per cent or more of 
secondary roads which comprise the immediate agri- 
cultural traffic outlet can not hope for such large invest- 
ment of public funds. 

The investigation is of importance in connection 
with paved roads, as road soil surfaces have high 
stability when utilized as the subgrade of pavements. 
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Serving as the first stage of betterment for the impor- 
tant roads, immediately upon grading and during settle- 
ment of the roadbed, road soil surfaces bring a sub- 
stantial support and increased life to the pavement that 
later rests upon them. 


ROAD SOILS ANALYZED AND CLASSIFIED 


The research invaded a complex field bristling with 
queries and partially known facts. Methods of con- 
structing these roads have grown out of large scale 
experience. Scientific explanation of their behavior 
and laboratory tests rest upon a similar empirical basis 
established by experience. The attempt is made in 
this research to submit certain quantitative results 
which at least are more specific than the knowledge 
hitherto available from general experience. 

In other directions, the best which could be done was 
to record the judgment of a trained observer, applied 
twice each vear, to short sections of each project, and 
to express that record in words or figures which might 
carry a more definite significance to the mind of the 
reader. Hence the report must be read in the light of 
special definitions and special meanings of terms sub- 
sequently presented. 

The mechanical analyses of all road surface samples 
were carried out in duplicate, using methods approved 
by the Bureau of Public Roads.' Under these methods 
the following definitions apply: 

Clay.— Material separated by subsidence through water and 
possessing plastic or adhesive properties, generally below 0.02 
millimeter in diameter. 

Silt—Fine material, other than clay, which passes a No. 200 
standard sieve, generally from 0.07 to 0.02 millimeter in diam- 
eter, having little or no plasticity. 

Sand.—Hard material, usually siliceous, which passes a No. 
10 standard sieve, generally from 1.85 to 0.07 millimeter in 
diameter. 

Coarse material.—Hard material of gravelly nature, retained 
on a No. 10 sieve, i. e., more than 1.85 millimeters in diameter. 

Soil mortar.— Mixtures of clay, sand and silt as defined above, 
i. e., all material in the sample which passes a No. 10 sieve. 





The coarse material is determined as a percentage of 
the whole sample. 

The soil mortars are the starting point of a percentage 
analysis of material below the No. 10 sieve and are 
classified and limited as shown below: 


Hard, or, Medium, Soft, or 
class A orclass B class C 


Percent Percent Percent 





Clay -- : 10 to 18 15 to 25 10 to 25 
omt...... 5to15, 10to 20 10 to 2 
Total sand -_- x 3 fi 65to80 60to 70 55 to 80 
. ee —s . 100 100 100 
Sand retained on No. 60 sieve___-_ = Pl ~ 45 to 60 30 to 45 15 to 30 


The last item representing the coarser sand is an 
important element in the stability of the surface, espe- 
cially during wet weather. 

Samples containing 10 per cent or more of hard, 
coarse material in well-graded sizes below 1.5 inches 
diameter have an increased hardness and durability 
roughly proportional to the amount present. 

he program of analysis included successive an- 
nual samples taken from each of the carefully located 
points on each project. Typical tabulations of the 








1 These methods described in bulleti 


vol. 22, No. fa n of the University of Georgia, June 1922, 
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1923 





Prosgect No. 5, 1n Bacon County. SAMPLE Point * 2 


results of analyses and field observations are shown 10 
Tables 1 to 3. 

Those results must be considered in the light of the 
possible causes of changes in composition to which 
such surfaces are exposed. 

1. The original surfacing is not strictly uniform. 
Samples taken from the same place in the road may be 
expected to show normal variations of 2 to 5 per cent 
in the sand or clay items. 

2. The original surfacing was 18 feet wide wit! 4-foot 
shoulders of unselected local dirt. It is to be pected 
that maintenance of the surface by road machines, 
drags, and scarifiers would incorporate some of this 
poor shoulder material with the surfacing maicrial. , 

3. When the surface is not frequently ma: ined, It 
may become so much displaced as to need scarifying 
and addition of new material for reshaping. If the 
design thickness, normally 6 to 8 inches, was not PY 
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TABLE 


1.—Project data sheet typical of north Georgia expe 
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rie nis l 
[ Federal-aid project No. 4 in Walton County; top-soil surface; 9.42 miles long; completed July, ‘ subsoil; top-soil shoulders] 
SAMPLE POINT NO. 1, 14 MILES—ON CURVE RIGHT, OVER CULVEI ON 5-FOOT FILL 
Sand 
Coarse 
ptt ( ¢| Ser : 
Year pope mate- | Passing Passing Total Passing S ( a : Surface condition 
” rial No. 10 No. 20 | retainea | No; 60 Total as 
retained | retained |, No go retained ' 
on No. 20 on No. 60 9°" **9°°" on No. 200 
Inches Per cent; Percent Percent Percent Percent Percent Percent Pe Pe nt 
1022 6 22 23. 1 29.4 52.5 16.1 68. 6 10. 3 2 \ 95 Excellent 
1923 6 20 17.0 28. 2 45. 2 13. 3 Mi 5 9.4 2 4 95 Do 
1924 § 25 16.8 26. 0 42.8 16.9 59. 7 12.7 2 4 90 Excellent; slightly sandy. 
192 40 22. 8 29. 6 - 52. 5 16.4 68.9 10. ¢ 21 \ 80 Very good to excellent; slightly 
sandy; potholes. 
102F 34 16.8 30. 0 16.58 14.9 61.7 2.2 2t 60 Good to excellent; heavy corru- 
gation 
192 1.5 60 Very good to excellent 
Average 80 
SAMPLE POINT NO. 2, 1.8 MI .ES—20-FOOT CUT ON RIGHT, 9-FOOT CUT ON LEFT 
= i edadeaniaige 
1922 4 | 25 15.1 27.2 42.3 i. 9 69. 2 12 ® B 95 Excellent 
1923 4 | 2s 12.0 30. 6 42.6 23. 7 66.3 13.9 - B 95 Do 
1924 4.8 3Y 13. 2 27.7 40.9 2 67.4 12 0 B 80 Very good to excelient; slight pot- j 
holes 
192. 6 12 11.2 40.0 1.1 33. 9 85.0 0 8.8 s( Very good to excellent; slightly } 
sandy; potholes i; 
1926 ; 40 10.3 Ss. 3 IS. f 24.9 f 14 22. 2 60 Good to excellent; heavy corru- 
| gation 
1927 70 New material q 
¥ 
\verage | 78. 3 4 
SAMPLE POINT NO. 3, 3.1 MILES—20 FEET BEFORE BOX CULVERT AND ON PER CENT GRADE 
1922 14 4 10.6 37.6 48. 2 28. 1 76.3 9.4 4 95 Excellent. 
192 13 20 9.8 40. 2 49.7 24.0 74. 2 ¥.4 lf \ 95 Do 
1924 12 22 8.9 38, 2 47.1 22 68. f 10.9 19 \ 90 Very good to excellent; slightly 
sandy; potholes 
92 5 15 9.6 39. 1 48.7 24. € 73.3 10 2 85 Very good: patched 
1926 13 15 ye 39. 7 17.4 26. 2 73. € 10 ) 5 Fair; slightly sandy; potholes. 
927 60 New material 
erage a) 
AMPLE POINT NO. 4, 3.8 MILES—WOODS ON BOTH SIDES, 2 PINES ON LEFT, —2 PER CENT GRADE, 3-FOOT CUT O?) RIGHT, 
5-FOOT CUT ON LEFT 
1922 7 ll 11.4 35. 4 46.8 21.8 68. 6 11.0 20. 4 \ 90 Excellent. 
1923 f 18 9.3 38.8 48. 1 20. 1 68. 2 11.1 20.7 4 92 Do. 
1924 6.5 15 10.3 32. 6 42.9 17.1 60. 0 11.2 28.8 B 93 Do. 
1925 6.5 11 9.5 39. 2 48.7 23.7 92 9.9 17.6 4 70 Very good to excellent, slightly 
ree sandy, potholes. 
1926 _. 5 20 11.0 37.8 48.8 22. 8 71.6 ) 8.9 \ 45 Good to excellent; corrugated. 
1927 6 | 75 New material. 
Average i : 77 
SAMPLE POINT NO. 5, 49 MILES—OVER CULVERT, +2 PER CENT GRADE, P. C. 150 FEET BACK ON RIGHT, HOUSE ON LEFT 
250 FEET AHEAD 
— 13 7 11.8 2.8 54.6 16. 0 70.6 11.6 17.8 A 90 Excellent. 
to ll 10 10.8 46.1 56.8 18. 2 75.0 9.5 15.5 \ 92 0. 
aaa 12.5 15 12.2 9. 2 51.4 19. 0 79. 4 10. 5 19.0 A 93 Do. 
925... 12.5 10 13.4 2.3 55.8 19.9 75.7 9.7 14.6 A 60 Good to very good, very sandy, 
1998 potholes. 
197 11.5 15 11.4 44.0 55. 4 21.8 77.2 9.0 13.8 4 50 Good, potholes, slightly sandy. 
_ 4 75 New material. 
A - - a a 76. 6 
MPLE POINT NO. 6, 6.2 MILES—TOP OF RISE, WOODS LEFT, 500 FEET AHEAD; 1-FOOT CUT RIGHT, 2-FOOT CUT LEFT, 
2 PER CENT GRADE ON EACH SIDE 
1922 7 - - ie se 
1923 __ 6 9 9.4 37.2 46.6 | 26.7 73.3 11.7 15.0 A 90 Excellent. 
1924 8 10 10.7 40. 1 50.8 | 23.5 74.3 9.9 15.8 A 92 Do. 
“a 7.5 9 9.5 41.4 50.9 24.5 75.4 9.3 15.3 A 85 Nearly excellent; slightly bumpy 
1925 } and sandy. 
1928 6.5 12 13.4 36. 5 49.9 20.9 70.8 11.0 18. 2 A 70 Very good; sandy; potholes. 
1927 5.5 9.1 40.5 49. 6 22.8 72.4 9.7 17.9 \ 50 Fair, large potholes. 
“si A atwelh bis din ineded wake Stallone toe balemiicetokon ; : 75 New material, loose. 
ite En Fe a a See AEG: camagISy Bel 77.0 
1 Has given notably : es : - ve 
spots, - : notably good service under light traffic for 7.5 years. New material added recently has not been well chosen, being too sandy and giving a loose surface in 
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TABLE 1.—Project data sheet typical of north Georgia experiments —Continued 


SAMPLE POINT NO. 7, 7.4 MILES—20 FEET BEFORE CULVERT, CARITHERS STORE 1,500 FEET AHEAD; PLUS AND MINUS 24 PER CENT GRAD! 





Sand 





Year Depth —— Passing | Passing Passing 
of slab | “rial No. 10 | No. 20 Total No. 60 


| 


Silt Clay Grade of | Service 


; Surface c i 
soil quality | urface condition 


on 
retained | retained | Tetained jetaineg Total 


on No. 20/ on No. 60 92 N9-60 on No, 200 


! 
Inches | Per cent Per cent | Percent | Percent Percent Percent Percent | Per cent Per cent 
adivecdunnscuctadule 6 6 9.7 39.5 | 49.2 21.5 70.7 12.0 17.3 A 93 Excellent. 
iteinidewiugwnnemnnts a 6 8.7 10. 2 48.9 22.1 71.0 10.9 18.1 A 92 Excellent; slightly sandy. 
Sigusctecne<edawiasws 4.5 6 10. 4 35.9 46.3 19.7 66. 0 11.4 22. 6 A 80 Very good to excellent; slight), 
| sandy, potholes. 
10 11.1 37.6 48.7 2.1 71.8 10.4 17.8 A 65 Do. 
15 5.3 31.4 | 36.7 26.5 63. 2 14.2 22. 6 B 50 Fair; large potholes. 
BE SS aa ee, ea SE OE HC nN een Sra ‘a 70 New material. 
SERV aP Tene! Semana awe Se Le eS Se TY OS Lae Se a a ee eee 75.0 








SAMPLE POINT NO. 8, 8.4 MILES—4-FOOT CUT ON RIGHT, 2-FOOT CUT ON LEFT, JUST BEYOND 
150 FEET BACK 





8 11.7 7.6 49.3 26. 4 

«7 eS | 10 s 9.8 38.9 52.4 25.0 

See 7 12 14.5 37.8 52.3 25.7 

i RI 2 ll 13.5 37.0 50. 5 23.1 

ES s 15 14.6 39. 6 54.2 26. 8 

ROSE TIERS HRRRE Ree On, Mas CANON AT w EN Sa 
Average 





SAMPLE POINT NO.9,9.7 MILES—AROUND CURVE LEFT, 7-FOOT CUT ON RIGHT, 3-FOOT CUT ON 
WOODS LEFT 





CURVE LEFT AND HILL; HOUSE ON LEFT 


75.7 11.2 12.1 A 92 | Excellent. 

73.7 10.5 15.8 A 90 | Excellent; slightly sandy. 

78.0 10. 2 11.8 A 93 | Excellent. 

73.6 11.6 14.8 A 60 | Very good to excellent; slightly 
| sandy, potholes. 

81.0 8.3 10.7 A 60 Fair; rutted; potholes. 


Pt! OSE : inh 75 New material. 


EY B EE SIH COE ae 


LEFT; CURVE TO RIVER 1,500 FEET AHEAD, 

















0 ES ee aes 8 13. 2 34. 2 47.4 19.3 66.7 13. 1 20. 2 A 92 Excellent. 
a 12 | 25 16.5 35.0 51.5 19.1 70. 6 12.1 17. A 90 Do. 
ddr idetemanmelnile 12 22 16.1 33.9 50.0 20. 1 70. 1 10.7 19, 2 A 90 Do. 
| SS 5.5 22 15.4 | 36. 0 51.4 22.7 74.1 9.0 16.9 A 80 Very good to excellent; slightly 
} sandy; potholes. 
SE a 12 17 15.9 | 38.4 54.3 20.9 75. 2 10.9 13.9 A 60 Good to excellent. 
EEE EN ETS: CS SEE Se ee, Sa a a CE Senne Lee Re Rn, Se cee renee 7 New material. 
Sih RENE TARR Vemma 
EERE: SERRE TER ee: ee ee ee IRE See Fee EN ST See Sane eae eae 80.3 
Project average...|........!......../... ON AV ERARE SS) Dae Slt RS ex ei es a ie 8. | 


on or has been lost under weather and traffic, scarify- 
ing the surface may easily incorporate some of the sub- 
grade earth in the surface. 

4. Other sources of change exist, such as the tracking 
in of clay from private farm roads and the removal of 
sand or clay from the surface by washing rains or 
heavy winds. 

The successive analyses of samples taken from the 
same points in the road reveal the total effects of all 
causes affecting surface composition. It is of interest 
to study the detailed analyses from this viewpoint and 
to find that so many of them have maintained an 
adequate composition during the 5-year period. The 
tables record the class of soil mortar year by year. 

No previous record has been made on this phase of 
road soil behavior and the results are surprising in the 
constancy of composition maintained in spite of the 
many adverse agencies at work. 

The exceptional and sudden changes found are 
relatively few and in most cases are explainable by 
known causes, chiefly the addition of new material, 
the scarifying of thin surfaces, or careless scraping of 
shoulder and side ditch material on to the surface. 
Two or three individual analyses showed sudden 
changes from previous analyses which were not ex- 
plainable by field operations. Probably they represent 
errors in marking the sample or recording the analysis. 


SURFACE DEPTHS AND LOSS OF MATERIAL STUDIED 


Tables 1 to 3 record the successive annual surface 
thicknesses taken at the sample points. Such records 
were designed to throw light on the loss or guin of 
material under traffic, weather, and maintenance 
operations. It is to be expected that these variable 
influences would very seriously affect the measurements 


and possibly invalidate any real significance in the 
results. 

An important advantage with road soil surfsces 1s 
that, granting a reasonable stability and durs (lity, 


the minor displacements and roughnesses of the surface 
can be quickly and cheaply repaired by maclunes. 
But these maintenance operations are constantly 
loosening and reshaping a portion of the surface and 
increasing or decreasing the depth by transier of 
material from high to low points in the immediate 
area. The effect on depth of surfacing at a particular 
point can not be predicted. The skill and care of the 
operator and the kind of drag or machine are always 
uncertain factors in the result. 

Weather condition at the time of machi: ng the 
surface is an important variable. Prefera! \ such 
work should be done immediately after rains. 50 that 
the loosened material can promptly rebind with the 
undisturbed material below. If heavy washing rams 








of 
te 
ar 
he 


he 
h 
at 
he 
ns 





September, 1929 


PUBLIC ROADS , 121 


TABLE 2.—Project data sheet typical of middle Georgia experiments ! 


[Federal-aid project No. 124 in Washington County, topsoil surface; 5.93 miles long; completed January, 1921; sand-clay subsoil and shoulders] 


SAMPLE POINT NO. 1, 1.2 MILES—444-FOOT CUT, ROAD LEFT, 175 FEET BACK; CURVE RIGHT, 150 FEET AHEAD; HOUSE RIGHT, 250 FEET 
AHEAD 


Sand 
Coarse a 
. ) ; : 
Year po mate- Passing Passing Total Passing 
rial No. 10 No. 20 veteined No. 60 


retained | retained y, en retained 
on No. 20 on No. 60 | °” No. 60 on No. 200 


Total 


, ( s of Servic 
Silt Clay srade © SSrvice 


: Surface condition 
il quality eee 


Inches Percent Percent | Percent | Percent | Percent Percent Percent | Per cent Per cent 
1922 ru 7 2 2.3 31.3 33. 6 40.1 73. 7 11.8 14.5 B 70 Very good, rough. 
1923 a 7 3 2.1 38. 6 40.7 26. 2 66.9 13. 6 19.5 B 72 Very good; sandy. 
1924 : s 4 3.7 30.3 34.0 41.5 75.5 11.0 13. 5 B 78 Very good to excellent; slightly 
sandy and worn. 
1925 9 3 2.6 27.3 29.9 43.7 73.6 13. 4 13.0 B 78 Excellent. 
1926 7.8 2 3.1 31.6 34.7 40.6 75.3 14.5 10. 2 B 78 Excellent; slightly sandy and 
rutty. 
1927 7.5 0 2.6 27.9 30.5 46.1 76. 6 11: 7 11.7 B 60 Excellent, smooth. 
SS) Mes BAP Lee AG, SEAS Ne. eM FEES yp | 


SAMPLE POINT NO. 2, 1.9 MILES—2-FOOT CUT, LEFT; GRADE RIGHT, 


- 2 1.4 33. 6 35. 0 30. 2 
1923 6 2 1.0 28.5 29.5 29. 2 
1924 6 6 1.7 33. 6 35. 3 36. 8 
1925 4.5 2 1.6 35. 1 36.7 34. 2 
1926 4.5 0 1.4 30. 4 31.8 30.3 


Average 


SAMPLE POINT NO. 3, 


w 


1922 nd 6 4 2.2 44.0 46. 2 26. 2 

1923 ; 6 4 2.0 49.4 51.4 21.4 

1924 5.5 5 3.5 42.2 45.7 25. 2 

1925 5.5 5 2.8 44.9 47.7 25. 2 

1926 4 0 2.4 44.5 46.9 26. 6 

1927 3 2 2.8 37.7 40.5 34. 0 
Average. 

















MILES—6-FOOT CUT ON RIGHT, 2-FOOT CUT LEF 
1ILL 200 FEET AHE 


SAMPLE POINT NO. 4, 44 MILES—20 FEET BEFORE SECOND CONCRETE 


HOUSE 100 FEET AHEAD, GRAPE ARBOR 30 FEET BACK ON RIGHT 


5.2 7.0 7.8 B 75 Excellent. 

58.7 8.7 32.6 B 60 Very good to excellent. 
72.1 5.9 22. 0 B 75 Excellent. 

70.9 6.4 22.7 B 75 Very good to excellent. 
62. 1 9. § 23.4 B 70 


Excellent; slightly sandy on sides. 


75 Excellent. 


ON ROAD ON LEFT 20 FEET BACK; CROSSROADS ON TOP OF 
) 


72.4 6.5 21.1 > A 90 Excellent. 

72.8 6.9 20.3 4 90 Do. 

70.9 6.2 22.9 A 85 Do. 

72.9 6.2 20.9 4 85 Do. 

73.5 7.5 19.0 \ 85 Do. 

74.5 6.0 19 B 81 Do. 
R6 


‘ BRIDGE, 7-FOOT FILL; ROADHOUSE ON LEFT, 700 FEET AHEAD 








1922. 6 3 3.2 35.0 38. 2 35. 8 74.0 13.8 12.2 B 85 Excellent. ; 
1923 _. oe 5 2 3.8 36.9 40.7 32.5 73. 2 9.1 17.7 B 75 Very good to excellent, slightly 
sandy. 
l 5 7 5.8 33. 3 38. 1 34. 2 72.3 10.8 16.9 B 70 Excellent. 
1 5.5 8 a 34.4 38. 1 32.3 70.4 11.0 18. 6 B 70 Very good to excellent, sandy. 
1926 - 4 2 3.5 35. 7 39. 2 33. 5 72.7 13.0 14.3 B 65 Very good to excellent, sandy and 
corrugated. 
1927 q 60 Excellent. 
A verage 70.7 
SAMPLE POINT NO. 5, 5.7 MILES—BARN ON LEFT, HOUSE ON LEFT, 150 FEET BACK; CONCRETE BRIDGE 100 FEET AHEAD 
1922. 10 | 16 14.4 42.6 57.0 20.8 77.8 6.0 16.2 A 92 | Excellent. 
1923. 9 | 16 11.4 45.2 56. 6 19. 1 75.7 8.3 16. 0 A 85 Very good to excellent, slightly 
sandy. 
at. 9 | 12 22.9 7.4 60.3 17.5 77.8 7 iF N 85 | Excellent. 
1925. 9 | 12 13.6 42.9 56.5 21.5 78.0 4 16. € A 83 Do. 
1926 7.5 | 15 17.4 39. 3 56.7 21.0 77.7 7.7 14. € A 83 Excellent, slightly sandy. 
1927. 7 1] 10.5 37.6 48. 1 32. 4 80. 5 6.2 13.3 A 80 Excellent. 
AN SS! SO RRS) mR: SRE Re COTE \ oie 84.7 
Pr iverage RRS TE ROR 2 core . its eR. 77.8 
| = = a a 
with he ct has given very good service for 6.4 years to an average daily traffic of 328 vehicles and has weakened little. The surface composition has been quite constant, 
WO @ gr | loss of clay. 


oceur im 

of the 

particu! 
Whe: } 


loose ma 


mediately after fresh work, a larger amount 
ose material is permanently lost. This is 
rly true on steep grades. 

lass C surfaces are dressed in dry weather, the 


, terial does not rebind until it rains. Heavy 
winds wi!! remove an appreciable amount of material 
under such condition. 


@ more 
face and 
surface de 


serious operation of scarifying a rough sur- 

adding new material in weak places affects 

pth to a marked degree. 

= + ineasure of lost material, it would have been 
2 better to have had the test points closer together. 


On project No. 179 in Greene County—tabulation not 
shown—the test points were located about one-fourth 
mile apart, and the record on that project is the most 
consistent of those studied. In spite of all these uncer- 
tainties, it was found that many of the projects showed 
a continuous loss of depth and that the record as a whole 
is of value as bearing upon the efficient life period and 
the residual value of the surfaces at the time of last 
inspection. It has further significance in the case of thin 
surfaces and the observed action of failure and breaking 
down of the surface. Such observed conditions are 
commented upon in discussing the respective projects. 
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TABLE 3.—Project data sheet typical of south Georgia experiments ' 


{“ederal-aid project No. 5, in Bacon County; sand-clay surface; 17.6 miles; completed September, 1921; sandy loam subsoil and shoulders) 


SAMPLE POINT NO. 1, 1.3 MILES—40 FEET BEFORE CULVERT, WOODS BOTH SIDES, 4-FOOT FILLS 


Sand 
Coarse : ‘ 
> ) . . Grade Se e 
Year a mate- | Passing | Passing Total Passing Silt Clay — of ; wo nt Surface condition 
“ rial No. 10 No. 20 Bn . No. 60 a _ er 
, | retained Total 
retained | retained in No. 60 retained 
on No. 20| on No. 60 9°" “89 ™ on No, 200 
Inches Percent Percent | Percent Percent , Percent Percent Percent Percent Per cent 
1922... 7 3 2.5 44.4 46.9 2.2 25. 1 5. 8 19. 1 A SS Excellent. 
1923 _- : 7 6 3.1 46.1 49.2 24.3 73.5 5. 2 21.3 A 5 Do 
1924__ a 2 6.8 $5.3 62. 1 12.7 74.8 2. 5 22. 6 A 70 Very good to excellent, soft 
rutted 
1925_. 2.5 5 4.0 52.0 56. 0 30.4 86.4 4.1 9. 5 \ 75 Very good to excellent, soft 
potty. 
1926__- . 1.5 5 7.8 44.8 52.3 23.8 75.8 7.4 15. 5 65 | Very good, potty and worn 
See 2 8 4.6 46.3 50.9 35. 1 86. 0 5.0 9.0 B 5O Worn, loose, sand, corrugated 
Average. ..._-- : ann “ . | ae 
SAMPLE POINT NO. 2, 2.1 MILES—40 FEET BEYOND CULVERT; ALL WOODS, 3-FOOT FILL; WOOD BRANCH 1,000 FEET BACK 
1922 : 4 2 7.1 56.9 64.0 14.3 78.3 2.8 18.9 A &5 Excellent 
1923 6 3 4.2 57.5 61.7 15.3 77.0 3.7 19.3 4 oO Do 
1924 3.5 10 28.7 46.6 75.3 &.8 S4 1.8 14.1 A 75 Very good to excellent 
worn 
1925_. 4 S 10.9 52. 2 63. 1 22. 1 85. 2 3.8 11.0 A 70 Do 
1925 5 2 9.9 52. 6 62.5 25. 0 87.8 4.8 7.4 A 65 Very hard under loose sar 


1927. Jon 5 5 . 3 0 


—_—nrc- 
1 
te 


Average 


= 
| 


SAMPLE POINT NO. 3, 2.3 MILES—CULVERT 500 FEET AHEAD; OPEN WOODS, SMALL BORROW PIT ON RIGHT 


* 1922 7 7 22.9 43.1 73.0 6.7 79.7 3. 1 17.2 \ 90 Excellent 
1923 5 30 7.6 44.58 52. 4 20. 4 72. 8 7.6 19. 6 A 85 Do 
1924 4.5 15 13. 6 49.8 63. 4 0.3 83.7 2 9.1 A 80) Do 
1925___ 5 12 6.6 56. 3 52.9 24.7 87.6 s 6.6 A 70 Very good; sandy and pott 
1926 15 10 8. 1 46.7 4.8 34. 1 88.8 8.3 2.8 4 60 Sandy; new material 
1927 2 40 
Average _- = patie 70.8 


SAMPLE POINT NO. 4, 4.4 MILES—CULVERT 53O FEET BACK; HOUSE ON LEFT, 175 FEET AHEAD AND 1,000 FEET BACK; 2-FOOT | 


1922 ; 5 6 &.8 53.3 62. 1 12.2 74.3 4.8 20.9 \ 90 Excellent. 

1923 _ 5 6 8.0 53. 8 61.8 11.2 73. 0 4.3 22.7 A RS Do 

1924 4.5 13 7.5 44.7 52. 2 19.9 72. 1 5.4 22 \ 6 Very good; rutted and w 

1925 4 10 9.4 57.0 66.4 10.7 77.1 1.1 18.8 A 70 Very good; sandy and 

1926 2 y 9.5 48.7 56. 2 28.3 84.5 5.7 9.8 4 60 Sandy and loose 

1927 2.5 ; 30 2 inches of sand 
Average - --. ; : aire a ie sn 5 66.7 





SAMPLE POINT NO. 5, 5.3 MILES—+1% PER CENT GRADE, HOUSE ON RIGHT 60 FEET AHEAD; CLAY PIT OPPOSITE ON R 








’ 1922 3 5 12.1 60. 5 72.6 5.3 77.9 2.9 19. 2 A 90 Excellent 
{ 1923 - 3 6 12.0 61.4 73.4 4.4 77.8 1.6 20. 6 4 90 Do. 
: 1924 2 3 13.0 59. 5 72.5 8.4 80. 9 2.0 17.1 iN 85 Do 
’ 1925 3 5 9.4 62.7 72.1 12.8 84.9 33 12.8 A 80 Do 
y 1926 4. 25 5 11.8 60. 4 72. 2 | 11.0 83. 2 2.2 14. >A 65 New material, very ¢ 
; } ribbed 
i} 1927... 4.5 20 7.4 41.8 49.2 20. 2 69. 2 5. 6 25.0 A 0 New; very hard; exce 
4 Average __. - , . ¢ 76.6 
} SAMPLE POINT NO. 6, 6 MILES, 8-FOOT FILL MIDWAY BETWEEN BRANCHES, 400 FEET APART 
i 
; 7 
1922 3 10 10.0 51.2 61.2 17.4 78. 6 6.3 | 15. 1 A 85 Excellent. 
. 1923 - 2 10 10. 1 51.2 61.3 18.0 79.3 5.0 | 15.7 A 85 Do 
1924 5 14 13.1 47.6 60.7 20. 1 80. 8 6.6 12. 6 A 75 Do 
1925 5 ~ 9.9 59.0 68.9 14.9 &3. 6 2.8 13. 6 A 65 Very good to exct 
slightly sandy 
1926 3 7 11.1 56.4 57.5 16.7 84.2 3.8 12.0 A 60 Very good; part slig 
1927 1. 25 L . 60 
! Average _-.. “ie : =. A 7 
- ! 
, SAMPLE POINT NO. 7, 7.5 MILES, 40 FEET BEYOND CULVERT, BORROW PIT ON RIGHT 25 FEET AHEAD, 244-FOOT FILL, CURV! FT 1,000 
+ FEET AHEAD 
¥ ! — = 
i 1922- iin a 4 6 16.9 57.0 73.9 5.2 79. 1 2.0 18.9 A 90 Excellent. 
1923 anal 4 7 18.5 54.9 73.4 5.9 79. 3 1.7 19. 0 A 90 Do. 
1924... eos -| 3.5 5 26.0 49. 4 75.4 3.9 79.3 7 20. 0 A 90 Do. 
: 1925... | 5.5 12 13.0 48. 6 61.6 10. 4 72.0 4.3 24.7 A 70 Do. 
pee ; at 2 10 12.3 53.8 66. 1 14. 6 80.7 3.0 16.3 A 80 Excellent; slightly 1 
1927.......-.-- . 4 waheais eS Ee ee oe S : 70 Excellent. 


Average. ......-. eh eS eee ee - . E * - ca a ; a 81.7 


ee 


See footnote at end of table. 
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TaBLe 3.—Project data sheet typical of south Georgia experiments 


SAMPLE POINT NO. 8, 8.7 MILES, FENCE ON RIGHT ENDS 175 


Sand 
| Depth Coarse 7 
Year | af Sab mate- Passing | Passing Total Passing 
. rial No. 10 No. 20 . No. 6) 
: retained | 
retained | retained on No. 60 retained 
on No. 20 on No. 60 = on No. 200 


Inches Percent Percent Percent Percent Percent 


1922 6 10 9.0 43. 6 62.6 31.7 
1023 6 4 13.5 52.8 66.3 10.3 
1924 3.5 7 18. 1 50.0 68. 1 7.0 
y2 5 6 13.2 58. 6 71.8 11.7 
142 4.5 5 15.0 53. 4 68.4 14.5 


9 


A verage 


SAMPLE POINT NO. 9, 9.9 MILES, 2) FEET BEYOND HOUSE ON RIGHT, COUNTY LINE 70 


1922 5 13 9.5 51.3 60.58 18.4 
192 4 8 61 39.0 45.1 16. & 
1924 5 12 10.5 38.9 49.4 14.4 
1925 2 14 v0 45.4 7.9 23.4 
192¢ | l4 7.9 49.5 57.4 25. ¢ 
1W2 


Average 


Project average 
lhis project has given excellent service for 4 years to a heavy tourist traffic, 


rather heavy and maintenance work has made the surface too sandy in recent years 
24-hour duty. Probably 1,000 vehicles per day is the present average 


PHYSICAL CONDITION OF THE SURFACE AND QUALITY OF TRAFFIC 


SERVICE EVALUATED AS CLOSELY AS POSSIBLE 


In seeking to record the physical condition of the 
surface adjacent to the several sample points, at the 
time of the semiannual inspections the terms listed 
below were used in the sense indicated. 

Ercellent—This term implies that, when dry, the roadbed is 
strong, hard, free from noticeable ruts, holes, or corrugations, 


possesses a well-shaped crown and freely draining into the side 
ditel 


s. A thin layer of loose, sandy material is sometimes 
present, but not in sufficient amount to impede traffic speed. 
During heavy rains or after long wet spells the surface is not 
noticeably softened, remains practically nonslippery, and is free 


from appreciable mud. Driving speed may be slight!y but not 
seriously reduced. 

Very qgood.—This term describes a hard and reasonably smooth 
surface which at weaker points shows incipient holes, corruga- 
tions, or worn wheel tracks, but which do not seriously affect 
speed or cause jolting. In wet weather there may be a slight 
amoun' of sloppiness while rain is falling, and following the rain 
a light skim coat of mud, not seriously slippery, but requiring 
some e in driving. 

Gor This term is used to describe a surface which is hard 
and firm: when dry, with noticeable surface displacements affect- 
ing h speed driving, but with no serious jolting at moderate 


speeds. The condition indicates the need of more frequent 
machining. In some eases the crown has become considerably 
Warped, with an evident need of scarifying and reshaping. In 
wet wi er a pronounced degree of sloppiness is manifest, with 
some ening and mud formation at the weakest points and 
some i.crease in slipperiness if the original material was high 
in clay tent or has had clay brought in by wheels from unim- 
aaa le roads or from clay shoulders. No condition of deep 
1 


' vet developed and there is no serious interruption of 
taffic during the worst weather. 


Fair —This term implies a distinct presence of rough sections 
liability ‘ed layers of loose material during dry weather and a 
&abdilit 


ti ' softening, slipperiness, and mud holes during _ 
ert “et weather, especially when clay shoulders and clay 
s0ils exist. Sueh a condition usually indicates an immediate 


heed of 
eed of rifying and reshaping with the addition of new 
materia! 
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Continued 


FEET BACK, CURVE RIGHT 400 FEET AHEAD, 2-FOOT FILL 


Grade o Servi 
Silt Clay le of quality Surface condition 
Total 
Per cent Per cent Por cent Per cent 
84.3 4.8 1.4 A 82 Excellent. 
76. 6 2.4 21.0 A 80 Do. 
75. 1 1.9 23.0 A 75 Do. 
&3.5 2.9 13. ¢ 4 70 Very good to excellent; slightly 
potty. 
82.9 4.0 13 4 65 Very good to excellent; slightly 
sandy. 
30 


EET AHEAD AROUND CURVE TO LEFT 


2 A 90 Excellent 
61.6 8.2 ). 2 \ 80 Do. 
63.8 6.7 yt) A &2 Do. 
81.3 } 12.8 A 70 Very good; soft and potty. 
83.0 6.8 0 ‘ 60 Very good; potty and sandy. 
40 
70. 3 
=9 
72. 1 
but has weakened considerably in the past IS months. The loss of material has been 


t should be rebuilt Che daylight count is believed to be entirely too low for a true 


So many factors enter the problem that it is difficult 
to fully define the foregoing terms and, since the inspec- 
tions were six months apart, for the inspector to make 

a perfectly uniform and consistent record. However, 
a attempt secures a more ordered judgment on a very 
complex matter than could be had if no effort to define 
the words had been made in advance. 

In addition to the verbal entries, a photograph was 
made to show the appearance of the road at each in- 
spection. The pictures were taken at the same places 
in successive years. 

It is clearly apparent that surface condition for this 
class of road reflects very directly the diligence and 
skill of the patrol maintenance force and the adequacy 
of the machine and tractor equipment used. In the 
earlier years of the research the State’s patrol force 
was newly organized, untrained, and lacked proper 
equipment. The inspections have shown a steady 
general improvement in maintenance activities not 
only on these projects but over the whole State 
System. 


QUALITY OF TRAFFIC SERVICE RENDERED 


Since the inspection records made at 6-month inter- 
vals were so directly influenced by the length of time 
since the surface had been machined, it was felt that 
an effort should be made to evaluate in some way the 
general quality of traffic service furnished by the road 
throughout the year as distinguished from the physical 
surface conditions recorded during inspections. The 
plan adopted has been to interpret the inspection rec- 
ord in the light of comment on service from residents on 
the road, maintenance men, and division engineers as far 
as they could easily be obtained and were deemed suffi- 
ciently specific. For the projects under study these 
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J 
wt . 1925 
i925 - | 
Prosect No. 60, in SrerHens County. SAMPLE Pornt No. 1 Prosect No. 41,1N Dovcias County. Sampve Point No. 2 
reports were encouraging Thev showed that the serv- average these figures and arrive al &a 8 reaso! ible 
: . . . 5 os or” ° i y . ern) > carvicea ra re 
: ice, while variable, was highly acceptable and satisfactory ee ee y Fae re ne sin ae a 
; ° ° ° or > e o “e sed, t 
and at all times free from serious interruption. The lit - f nino ioeg on ag Te te licat pag tigi 
State highway department has been diligent in making bao 1 agit ad ages y teallicse, big cows . whe 
investigation where newspapers report impassability °°P . hi; aoe ae with ke ame " 9 _ “a s es" 
x T : c c > firures 4 r - Ce re - 
on the State routes. None of them were valid on the 8 © Digner hgures. Mighty per cent or above rep" 
projects studied sents a highly dependable and thoroughly satisfactory 
j 2 wee re ee see ‘or truck traffic -ton 
4] For this report it has been assumed that quality of ete es ” A, eathe nd and segs oo ‘sa! ~. a 
en ° . 4 TAS > Ar . . » a] > . wie "¢ . os 
af traffic service might be expressed at a percentage, as- hich age e soph "eg eh ‘ ae See el 
i . . ° e ’ ° “I or ce » 
suming the maximum satisfactory use which the best nr oe ae ee ee eee tt aun. ae ee .D 
° = *,° > TY Yr racnw r : » - . 7 ap- 
of these roads have given under the best conditions as = penggs ak al et “¥ ™ “ posh " op ng 
. . . c S as) M4 > aC 5S 
100 per cent. A quality of service ranging from 80 to 0 aParcepicijeee tes Ra eh 1 vol % “i “y + Mega 
. . 4 , . > » .Ar r a as 
100 per cent was taken as corresponding to excellent. ma fe Agee yt ens oe certainty, bul : 
é : : s10" ) , fv r 2 3AS 
Lower grades of service corresponding to surface con- “8™2cant and clarilying in the premises. 
ditions of ‘‘very good,” “good,” and ‘‘fair” were as- 
ad bw] ’ SD ’ . Io oO th ~ ~ 
| sumed for ranges of 60 to 80 per cent, 40 to 60 per TRAFFIC COUNTS LIMITED IN EXTENT 
cent, and below 40 per cent, respectively. Such service 





\ > ° . $099 
; Traffic counts on these projects were begun 1n 1922, 
quality percentages were reported for each road sec- 


: : , making a daylight count of all vehicles on eighi days 
At tion adjacent to the sample points as illustrated in of each month. It was not practicable to weiy! V@ 
Tables 1 to 3. Thus expressed, it has been possible to 


hicles or to extend the count through night p riods. 
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1925 


Prosect No. 189, 1s Hart County. SamMpie Point No. 2 


At frst no distinction was made between 


passenger 
car 


trucks, and horse drawn vehicles, but this distine- 


tion has been made in the past three years. 
4 as found after two years’ trial that cost could be 
rec 


‘l by replacing the original 8-day count in each 
month for the whole year by an 8-day count in each 
season during the months of February, May, August, 
and November. By taking averages for the 3-month 


groups from the figures collected during the first two 
years and comparing these averages with the respective 
counts in February, May, August, and November, the 
ligure. were practically identical and hence the shorter 
and expensive counts have since been taken. 

It is difficult to take a traffie count which is entirely 
— tory with a somewhat restricted expenditure. 
ott rmine the exact effect of traffic on the road 
am ‘quire information as to both the number and 
a fall vehicles for the full 24 hours. This research 
4s resirieted to the partial plan as outlined. 


67474—29-__9 





1925 


Prosgect No. 151, 1s FLoyp County. SAMPLE Point No. 3 


It does not seem practicable to evaluate the existing 
traffic except in terms of the entire number of vehicles. 
That figure is reported in Tables 4 and 5. 

The counts were taken on a daylight basis, and were 
less than a 24-hour count would show. Just what al- 
lowance for early evening and night traffic should be 
made is problematical. Hence the figures given are in 
fact less than the actual performance in all cases. It is 
quite certain that many of these projects are carrying 
traffic which is 20 to 40 per cent higher than the counts 
shown. This is especially true on projects lying on 
Florida tourist routes, of which No. 5 in Bacon County is 
anexample. A stream of tourist traffic flows night and 
day over such routes in fall and spring. 

For roads of this type, where the construction and 
maintenance costs are so low, it is better that the show- 
ing should be made, not on the absolute minimum basis, 
but with an assured knowledge that the service rendered 
is liberally in excess of the costs shown. 
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ees i +. “~, > 
Progect No. 22, 1n Mitton County. SAMPLE Pornt No. 1 


COST DATA AND INVESTMENT OF PUBLIC FUNDS STUDIED 


Table 5 is designed to present the financial invest- 
ment which the public has made in these roads in 
relation to quantity and quality of traffic service. The 
_ basic economic figures are the first cost of the surfacing, 
the interest on the investment during the life period 
studied taken at 5 per cent properly amortized, the 
annual average expenditure for maintenance during 
that period, and the residual salvage value of the 
surfaces at the time of final inspection just prior to 
July 1, 1927, or the corresponding annual depreciation. 

The first costs of the surfacing exclude the costs of 
grading and drainage structures which are a common 
expense for any type of road surface. 

The expenditures for maintenance from 1922 to 
1926 were taken from the systematic cost records of 
the State highway department and reduced to an 


PUBLIC 


TABLE 4. 


ROADS 





Vol. 10, No. 7 


Showing quality of soil mortar, percentage of coarse 


material, quality of traffic service, traffic, life period, initial 
depth of surface, annual loss from surface and number of sampl 


points 


Project No. and county 


151, Floyd 

178, Murray 

22, Milton 

179, Greene 

4, Walton 

68, Walton 

6A, Hall 

41, Douglas 

59, Jackson 

131, Jackson 

60, Stephens 
189, Hart 

1B, Henry 

19, Bleckley 

76, Wheeler 

124, Washington 
134, Coweta 

144, Macon 

197, Bulloch 
8-10-14, Richmond 
18, Dooly 

5, Bacon 

196, Early 

205, Effingham 
49, Mitchell 

145, Montgomery 
146, Tift 

77, Charlton 
199, Quitman 


1 These projects show the more consistent losses 


projects, 0. 6 inch. 


average annual rate per mile. 


Aver- 
Aver-| age 
age per- 
class | cent- 
Y soil) age of 
mor- | coarse 
tar ma- 
terial 
Cc 50 
Cc 45 
B— | 20-40 
A 22 
A 17 
A S 
B+ 10-30 
B+ 4-15 
A 8-20 
A 15-20 
B 5-15 
A 20 
B+ 
B+ 5-1 
B+ 4-1 
B+ 6 
B+ 5 
C4 i 
B+ 13 
A 35 
B 3-5 
A »-20 
B+ 6 
C4 10 
B 30 
B+ if 
B 20 
A 30-50 
B+ ? 


Aver Aver 
age age 
qua 
num 
ity of ber of 
traffic | °F ‘ 
wrobeotese hicles 
during —" 
life i . 
period oN 
Per 
cent 
85 250 
75 | 218 
60 720 
S80 279 
80; 212 
80 | 353 
65 220 
55 | 507 
80 321 
70 321 
65 | 435 
80 | 674 
70 1,015 
65 | 94 
75 | 170 
801 255 
80 227 
50 355 
70 291 
85 650 
60 198 
70 5 
SO 318 
40 367 
75 253 
80 183 
sO 540 
90 SOO 
75 175 


Life 
period 


Years 
6. 16 
4. 50 
6. 00 
6. 00 
7. 50 
6. 25 

7. 16 

6.75 

7.00 

6. 00 

6. 33 

4.50 

6. 00 

4.85 

5, 25 

6. 42 

6. 00 

6. 25 

6. 33 

5. 2! 

5.91 

6. 00 

4.00 

4. 00 

4.75 

3. 00 

6. 00 


in slab depth 


Aver-| Aver- 
age (agean-) Num 
initial} nual ber 
depth| loss jsample 
of from | point 


surface surface 


Inches | Inches 
6.0 0.4 
8.5 17 
6.0 175 
10.0 1.0 


A verage loss 


This average figure is 


applied in the tables to the entire life period shown 


for each project. 


With machine methods of maintenance it is difficul! 
to separate the expenditures upon the surface its 
from concurrent work upon the adjacent earth shou 


ders. 


distinction could be made. 


The records were not kept so that a clea 
Hence, the figures includ 


the upkeep of shoulders as well as of the road surfa 
Since work on the shoulders is a necessary incident to 
keeping the crown in good shape and maintaining [1 
surface drainage into the side ditches, such should 


costs are in general a legitimate part of operating 


expense. The figures do not include repairs to dr: 
age structures and bridges, cleaning side ditches, 
mowing of weeds and bushes, or other items incur d 


in the care of the right of way. . 
Interest on the investment is computed at a rate 0! 


5 per cent in the belief that it represents a full averse 
rate for money obtained on county bonds in this 5 

Much of the money invested in these projects \ «5 
obtained from county bonds, and all other money d 
may be properly accorded an equal earning pol 


from the investment standpoint. 
total sum invested by the public in these and © cr 
types of roads for a given period of life, the int t- 
bearing value of the money should be included. 

With the decision to make a final report on t! 


In arriving at ie 


search as of July 1, 1927, the writer made a ca: ‘ul 
inspection of the projects in the latter part of |". 
Notes were taken upon existing thickness of suri °s, 
condition of the surfacing, evidences of cutting th: zh 


into the subgrade or other weaknesses with a vic 1 
e . . . ° ‘. , re 
forming a judgment of the remaining service or sa. “5' 
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TABLE 5. 


ROADS 


Showing economic data on 29 Georgia Federal-aid projects, arranged in order of traffic density 


(Total length of projects, 246.7 miles] 





Average 
quality of 


Vehicles & traffic service 


of surface 






3 Depreciation =| = = per during serv- 
2 per mile during | © 5 2 = day, ice period on 
s .- service period 2 ey i & SE day- basis of best 
Ss xy = aS |= EL light service of 
s 4 > =5 se\ es hours these slabs 
. = = Ez e)/e5 13, as 100 per 
4 : = = °S| es ise cent 
os F o | 2 | 28 | Sa lee ' | 
e D oh S < om on af - 
= = _ os = — = Su ake! 
3 rd 4 S = S - ~ ac as 3 
3 . “ = | F% z= s8 | 22 5° ES: ~|3\% 
: - pa = = = - = = z = : 2 we Sere) a2\/+ a 
= 7 S : S s Ss |e = ES = = 4 = S Se Silcls 
= = = = 2 be > 20 = = = = c o = gs » {Sis 
: 5 : = = ei sis 38/8 |% 5 |f |& S e|e|s 
Ps Oo DB A Re a) n ic ~ < = x “ =< “ < milan |e 
, 3 4 ) 6 7 8 ) 10 1] 2 14 15 | 16/17) 18 19 | 20 | 21 | 22 
Miles Years P. ct Ye 
Bleckley Middle Topsoil Sand-clay 9.1 4.85 70 $746 = $154)$1, OF $30 $106' $290, 97 94 3.09 B+i 65) 70) 65 
TF W heeler do do___. do 9.9 5.25 65 2,020 387, 3, 12. RS 145 620 221 170! 3.65 B+ 85; 70) 75 
iv? Quitman South Local gravel do 5.0 6.00 65 1,078 180 1, 658 } 4 174 400 200 175, 2.29 B 80 75 
4 Montgomery do Red pebble soil do 12.4 5.25 5O 744 142 1, 487 41 157 340 221 183) 1.86 B+ 85! 75) 80 
s Dooly do Variable, sand-clay do 10.4 5.91 gO 617 104 771 22 154 220 215 198 1.41 B 65 52) 60 
{ Walton North Topsoil Clay 9.4 7.50 75 1,145 153 1, 52¢ 42 162 357 302, 212) 1.68 A 90 80 
178 Murray Northwest Chert do 6.3 4.50 40 1, 222 272 3, ¢ 83 147 502) (1) | 218) 2.30; C—! 80) 70) 75 
6A Hall North Georgia Topsoil do 5.7) 7.16 90 1,475 206 1, ¢ § 4 228 480' 254 220 2.18; B+! 7 55) 65 
mountains 
In4 Coweta Middle do do 19.9 60 1, 204 201 2, 007 150 406| 238 227 1.79| B 85! 75) 80 
isl Floyd Northwest Chert do 7.3 25 695 113 2,781 7 14¢ 331: 306 250 1.32 C+! 90) RO &5 
19 Mitchell South Red pebble soil Sand-clay 13.4 40 446 112 1, 11¢ 158 301 (2) 253 1.19 B 75| 80) 75 
244. Washington Middle Sand-clay do 5.9 50 ASO 91 1,172 2 200 323 339 255 1.27 B+ 80! 75 80 
' Greene Nertheast Semi-gravel Clay 2.7 40) 491 82 1, 227 33 146 261 215 279 .94 A 90 75 80 
te) Bullock Middle Sand-clay Sand-clay 2.3 65 774 122 1,190 33 171 325 381 2901 1,12 B+ me 70 
I”) Farly South do Sandy loam &.9 75 1,625 271 2, 167 s 61 142 474 318 1.49 B RS 80 
4 Jackson Northeast Topsoil Clay 4.3 80 1, 567 224, 1, 959 ' 265 543 209 321 +1.69 A- 85 70 80 
] do do do do 7.1 85 2, 106 351 2,478 1Xf 602 209) 321 1.88 A 80 60) 70 
His Walton North do do v1 65 1,496 239 2, 302 0) 63 173 475 438 353 1.35 A 85 670) = 80 
144. Macon Middle Sand-clay Sandy loam 3.58 RH 659 105 775 22 165 292 389 355 82 C 60 45 50 
am Effingham South Poor sand-clay do 4.2 95 2,079 520 2, 188 68 218 806: (4) 367 2.20 ¢ 40 
i) Stephens Northeast Topsoil Clay 11.0 85 1,499 237 1, 763 () 177 464 468 435 1.07 B 70 60 65 
41460 Tift South Red pebble soil Sand-clay 6.0 75) 1, 838 387 2,451 f 1 209 4667 (5) | 40 1.24 B 80 80 80 
Bacon do Sand-clay Sandy loam 17.6 85| 1,492 259 1,755 7 i) 206 509 812) 557 91 A 85 60 70 
4 Douclas North Central. Topsoil Clay 6.6 85, 1, 760 261 2,071 s 8 186 499 591 597 &4 B+ 60 55 55 
8-10- Richmond Middle Local gravel Sand-clay 8.4 60) 1,848 352 3, 080 SE 1A 588 1286 650 oC A 90 _| 85 
14 
8G) Hart Northeast Topsoil Clay pee 3.8 4.50 601,190 264 1,983 s 56 205 525 (®) | 674 .78 A 85 80 
22. Milton North Central. Semigravel. do 10.0 6.00 &5) 1,566 261 1,842 7 154 468 872) 720 .65 B- 70 50 60 
77 Chariton South Gravel Sandy loam 19.2 3.00 60) 7,547 2, 516 12, 578 1 77 177| 3.070 (*) | 800 3.84 A 909 90 90 
1B Henry Middle Tor soil Clay 7.0) 6.00 100; 1,427 238, 1,427 f 42 298 578 (*) 1,0:5 . 57 B+ 70 65 70 
Weighted averages " ad -- 215.0) 5.81 68 214 1,854 ’ 52 170 $35 355 «1.54 73 
Weighted averages for service period for sections with less than 300 daily 117.4 5. 66 58 174 1, 735 l 48 Lie 377 207 1.94 75 
ve! les 
Weighted averages for service period for sections with 300 or more 97.6, 6.00 80 262 1,998 8 f 187 ( 32—«1. OF 71 
daily vehicles. 
! Surface treated in 1926. Paved in 1926. 
? Paved in 1925-26. 6 Paved in 1926-27 
} Project omitted in computing weighted averages. Surface treated in 1925 
‘ Rebuilt with gravel in 1925-26. * Paved in 1925-26 
worth of each section of road adjacent to sample points. mile per year. If we add the average annual expendi- 


A number of representative samples were taken for 
fina! analysis. 
e judgment arrived at was expressed as a per- 


—_— 


centize of the first cost of the surfacing. The data 
wer not sufficient to estimate satisfactorily the quan- 
tity of original surfacing material still present on the 
road owing to the distance between sample points, 
and |e variable conditions noted between such points 
int final inspection. Judgment was based on the 
dept): tosses recorded, physical condition of the surface, 
evidence of cutting where such existed, and recent 
reporis of dependable service in wet weather. From 


the svivage estimate, the complementary total depre- 
lation is easily derived. This figure appears in 
coun 8 of Table 5 and is reduced to annual dollars 
per nile in column 10. 

_ It has been thought useful to combine the foregoing 
financial items into the figures shown in column 15 of 
Table 5 to represent the total investment per mile 
per year expended at a uniform rate to furnish traffic 
Service The total depreciation of surface divided by 
the life period used gives the annual depreciation per 


ture for maintenance, the average annual interest (see 
column 13) on the first cost of the surface and the aver- 
age depreciation per year expressed in dollars, the sum 
constitutes the distributed annual cost per mile. 

Such figures are useful and significant in comparing 
the several road soil projects with each other and in a 
further comparison with types of paved roads where 
similar data covering the life history have been kept. 

Column 18 of Table 5 shows the quotient of the 
annual distributed cost per mile when divided by the 
average daily traffic for each project. This quotient 
may be regarded as an operative efficiency index. So 
long as the index decreases as traffic increases and the 
quality of service is substantially maintained, the 
economic status is improving. This index thus be- 


comes a measure of traffic capacity when related to 
the quality of service rendered. 

Another important significance is found when a 
road of this type has worn down and must be rebuilt. 
Comparing the vehicle-mile cost for this type with 
the same figure at the same traffic density for a more 
costly type of surface becomes a valuable basis of 
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Progect No. 76, in WHEELER County. SAMPLE POINT 


No. 3 


decision between replacement with the same road soil 
material or with a more expensive surface. 


AVERAGE QUALITY OF SERVICE 


Columns 20 to 22 of Table 5 show the average 
quality of traffic service by periods for use in interpret- 
ing the financial results. The figures are derived from 
the detailed project data tables. An average quality 
of service below 50 per cent is to be regarded as weak 
a’ ' unsatisfactory. From 60 to 70 per cent should be 
considered quite satisfactory, from 70 to 80 per cent as 
very good, and above 80 per cent as excellent and 
dependable service in all weathers and under 5-ton 
trucks. The percentages in the table represent the 
repeated judgments of the inspectors. 

At the bottom of Table 5 weighted averages are 
shown which are thought to have significance. These 
generalizations are of importance in giving a picture 
of what may reasonably be expected in the matter of 
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No. 196, In Earty County 


PROJECT 


<s 


cost, service, and traffic carrying capacity of this 
of roads. They draw the picture in darker colors, 


however, than it deserves since the list of p ts 
contains a number of weak soils which can and should 
be eliminated in future construction of this type. It 
should be said that such elimination has been 1 ade 
already by the State highway department, and ths! on 
road soil projects built since 1922 better materials ‘ave 
been used and more attention has been given to d:‘ails 
during construction than on many of the older projects 
included in this research. 

Throughout the research the observed and the «om 
puted data have been handled from the following \!ew- 
point: 

We are dealing with a material of low cost and rela- 
tively large variations in composition acted upon by 
varying weather conditions and traffic burdens ©) Un- 
certain amounts. Some of the important dia }§ 


arrived at as a matter of judgment. In presen!'ng 
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Prosgect No. 179,1N GREENE CounNTY. SAMPLE Pornt No. 1 


report it is desirable to so handle the data that the 
resultant conclusions shall be on the side of conserva- 
tism. It is much better to understate than to over- 
state the possibilities inherent in the use of this class of 
materials as revealed by the quantitative evidence 
adduced. 

It should be said, on the other hand, that these road 
soils have many substantial merits and occupy an 
assured place in the future of highway betterment. 
The casual reader must not be misled on this point by 
the candor with which the report points out the adverse 


factors. Their known results are notable and worth 
while 


LACK OF KNOWLEDGE OF CLAY CHARACTERISTICS HAMPERS 
INTERPRETATION OF DATA ON SOIL COMPOSITION 


The complete records representing the 180 sample 
point- illustrated by Tables 1, 2, and 3) are not pre- 
sented! here, but conspicuous facts resulting from their 
study will be presented. These records were examined 


for changes in surface composition. The most signifi- 
cant i'ocms are those showing the amounts of clay and 
the courser sand above No. 60 sieve. A number of 


cases were noted where sudden clay increases or losses 
are attributable to admixture of shoulder material be- 
cause of lack of care in machining the roadbed. On 
Project No. 60, in Stephens County, all the sample 
Points sowed a 5 to 8 per cent increase in clay between 
1922 and 1923. Likewise on project No. 144, in 
Macon ( ‘ounty, where sandy shoulders exist, the oppo- 
site effect of decrease in percentage of clay was noted at 
all the sample points due to incorporation of fine sand 
in 1924. If only one sample point on a project shows 
sudden change, the cause is probably local such as 
tracking in of clay from a side road or careless shoveling 
of some ditch material onto the surface. In reviewing 
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the analyses at all of the 180 sample points, it was found 
that 113 of that number showed very consistent com- 
position, and that the grade of soil mortar remained 
notably constant or normal during the life period. 

One hundred and fifty sample points show a fairly 
normal or constant figure for coarse sand. The varia- 
tions in clay content are the widest. This is to be 
expected; yet 116 sample points give a fairly consistent 
clay percentage. If the last two years of service are 
omitted, when quite a large number of surfaces had 
worn thin and were scarified and frequently new ma- 
terial added, the number of surfaces with consistent 
composition becomes larger. It was observed that 
several of the projects, notably No. 179 in Greene 
County and No. 189 in Hart County, were somewhat 





Prosect No. 19,1n BLECKLEY County. SAMPLE Pornt No. 1 
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quality of the clay ingredients. Certain clays are more 
adhesive and effective than others, but the quantitative 
degree of variations in clay characteristics is yet to be 
fully determined. 





















SURFACE LOSSES RARELY EXCEED 1 INCH PER YEAR 





In the matter of depth losses, there are 16 projects 
where two-thirds or more of the individual sample 
points show a consistent loss of material not seriously 
affected by maintenance or addition of new material 
The average annual losses on these projects range from 
0.5 inch to 1 inch per year, with a general average of 
0.67 inch. Taking the record for all the projects, the 

\ general average loss per year is 0.6 inch. Making 
allowance for any doubtful factors, it seems conserva- 
tive to say that for this type of surface and within 
reasonable traffic limits the annual loss of material will 
rarely exceed 1 inch per year. Certainly for the first 
five years of service a much lower loss is shown on thi 
projects studied. 

It was observed that surface losses, while progressive, 
do not accumulate uniformly, nor are they dependent 
solely on the amount of traffic. Comparing project 
No. 19, in Bleckley County, carrying the extreme) 
light traffic of 94 vehicles per day, with project No. 76, 
in Wheeler County, carrying 170 vehicles, we find the 
former has a yearly Joss of 0.7 inch as against 0.5 inc! 
for the latter. Both surfaces are comparable in com- 
position and both projects are similar as to subgrade 
material and general topography. 

Likewise project No. 124, in Washington County, 
which is closely adjacent to the Wheeler County project, 
has been carrying a traffic of 255 vehicles per day with a 
loss of only 0.4 inch per year. Project No. 60, in north 
Georgia, has a composition similar to project No. 19, in 
Bleckley County, but restson a clay subsoil and with clay 
shoulders, and has borne 435 vehicles per day with a 0.7 
inch loss, which is just equal to that of project No. 19 

No hard and fast decision is warranted regarding sur- 
face losses, but it is undoubtedly true that a large part 
of them accrue from weather influences, grade condi- 
tions, and machining, and it may be tentatively sug- 
gested that this portion of the loss will reach 0.3 inch 
or more per year, regardless of traffic density. Up to 




















































a certain point, traffic helps to maintain the surface by 
packing the loose material which is formed wien 

machining and smoothing the surface. 
Prosect No. 59, 1n Jackson County. SAmpue Point No. 2 The two chert projects No. 151, in Floyd County, 
and No. 178, in Murray County—are quite different 
low in original clay and high in coarse material or from soils with true clay binder. The large percentage 
gravel. These projects while free from mud are sub- of fine material is recorded as clay, but it Is in fact 
ject to more rapid loss in dry weather. Such surfaces amorphous silica. It has good binding value and 1s 
need from 20 to 30 per cent clay in the mortar to bind nonswelling with moisture. The Floyd County project 
the coarse material properly. has proven much the better of the two. The Murray 






Project No. 179, in Greene County, had an average County project lost material so fast that it was suriace 
gravel content of 22 per cent, and an average clay treated with asphalt in 1926. 









content in the mortar of 14 percent. The latter figure Of the other original projects, No. 77 in Chariton 
is but 11 per cent of the whole material. While fur- County, No. 146 in Tift County, No. 49 in M hell 
nishing an excellent quality of service for traffic of 279 County, No. 1B in Henry County, and No. |»! 12 
vehicles per day, this project has undergone an annual Hart County have been surface treated or paved -!nce 
loss of depth of nearly 1 inch per year. the research study began, and No. 205 in Effin snam 






Project No. 189, in Hart County, with a traffic of County has been rebuilt with a gravel surfacing 






674 vehicles per day and clay and gravel limits similar Table 4, on page 126, gives comparative data hich 
to project No. 179, was very difficult to keep smooth may be of interest, but the reader is cautioned : yt 
F a to 






and free from holes during its four and one-half years arbitrary conclusions therefrom, especially in reg 
. . . 4 r sae aT 
of service before a concrete pavement was laid. depth and loss of surface material. The traffic weal 








_ An exact interpretation of variations in composition each section of road as it finds it, and is no respe:'e? : 
is seriously hampered by lack of knowledge of the averages. However, the table does generaliz: 8 
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compare certain results in a tentative way that may 
awaken thought, and furnish possible illustrations. 


COST OF PROVIDING TRAFFIC SERVICE ON VARIOUS PROJECTS 
DISCUSSED 


Attention is now directed to the more significant 
items in Table 5, on page 127. 

The depreciations in column 8 are necessarily the 
result of judgment and careful estimate as previously 
explained. In most cases the period of study has cov- 
ered about 75 per cent of the prospective total life. 
Thus the evidences of depreciation were well advanced 
and in a number of cases the necessity of early replace- 
ment was clear. In other cases the thickness of mate- 
rial still remaining in place and the condition of the 
surface indicated at least 2 or more years of satisfac- 
tory service. Project No. 151, in Floyd County, built 
of high grade chert, and the exceptionally good semi- 
gravel project No. 179, in Greene County, are in notably 
good condition and deserve the high estimate given. 
On the latter project, the underlying subgrade is itself 
an excellent quality of adhesive clay containing a large 
percentage of coarse sand. 

The purpose of Table 5 is to arrive at the significant 
annual distributed cost per mile (column 15) and 
the related index of operating efficiency (column 18). 
Thus an estimated total life period as shown in column 
12 is needed. The assumption of a straight-line de- 
preciation is made in arriving at the figures given. 
This assumption is possibly too favorable. The actual 
rate of depreciation of all kinds of road surfaces in- 
volves many complex factors. This is especially true 
of the road soil surfaces. Theoretically the rate of 
depreciation of these surfaces should increase pro- 
gressively owing to loss of material and growth of 
traflic density. If the ultra assumption were made 
that all of the projects were entirely worn out the 
effect on the average distributed cost per mile would 
be to raise it about 30 per cent. The effect of the 
assumption of a straight-line depreciation is to increase 
the average life of all the projects by about three years. 
In the writer’s judgment, an average 2-year increment 
will be borne out in their actual history. 

Interest is allowed on the money invested at the 
rate of 5 per cent. The investment in the original 
surface decreases year by year as depreciation accrues 
and the average annual interest charge is amortized 
by the following formula: 


AI (N+) 
\verage annual interest =~ 4, ( ) 


‘ N 2 
Where A = initial cost, 


, /=interest rate, 
and N-=years of total life. 

The sum of the annual depreciation (column 10), 
the average annual interest charges (column 13), and 
the xverage maintenance expense (column 14) com- 
pose the annual distributed cost per mile. This may 
be regarded as the measure of the actual outlay, uni- 
formly disbursed, which the public treasury pays to 


furnish this transportation facility. 

If the annual distributed cost per mile on each proj- 
ect be divided by the average traffic count in column 
17, the result is the annual vehicle-mile cost (column 
18); i. c., the amount of public money which was used 
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to supply 365 miles of travel to each vehicle which 
used the road on an average day. 

The relation between the transportation mileage 
furnished and the quality of that service is of interest. 
Columns 20, 21, and 22, seek to express the quality of 
service as explained on page 123. 

Four of the 29 projects are omitted from the com- 
putation of weighted averages owing to various un- 
certainties in the record, to short service, or marked 
difference in material. 

Computations of weighted averages omitting the two 
chert projects were made separately, and another set 
omitted the semigravel projects, etc. The results 
varied so slightly that one set of averages can include 
the 25 projects considered. 

It will be noted that the annual distributed cost per 
mile ranges from $280 to $620, with the weighted 
average at $435. Variations from this average are due 
largely to initial cost and depreciation. 
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The annual maintenance figures do not vary widely 
from the weighted average of $170; not so much, 
perhaps, as the current needs of the several projects 
warranted. The highway laws of Georgia have a 
clause providing for uniform distribution of main- 
tenance funds which is embarrassing at times and which 
can be escaped only to a limited degree through a 
small emergency fund. Thus, on project No. 22, in 
Milton County, with a traffic count of 720 vehicles, 
including 15 per cent trucks, the maintenance figure 
is $154, which is less than the average. From the 
outset, this project has shown a lower quality of service 
than would have been the case had the maintenance 
been fully adequate. It is felt that the normal yearly 
maintenance figure for these types should be from $200 
to $250 per mile for best efficiency in quality of service 
with the probability of some increase in the life of the 
surface. 
AVERAGE COSTS, LIFE PERIOD, AND SERVICE QUALITY OF ROAD 

SOIL SURFACES INDICATED 


The general weight of the detailed evidence carried 
by Table 5 may be summed up as follows: The 25 
projects comprise 215 miles of road which are widely 
distributed and satisfactorily representative of sub- 
grade, topographic, and traffic conditions in the State 
The weighted averages give direct evidence that with 
a traffic count of 355 vehicles and an initial cost of 
$1,854 per mile the projects have served for an average 
life of 6 years—5.81 vears—with a quality of service 
represented by 73 per cent. This rating corresponds 
to a very satisfactory and reliable service. 

The corresponding annual distributed cost per mile 
is $435 and the vehicle index is $1.54. 

The indicated service quality during the first hal! 
of the life periods observed was better than during 
the later years. Eighteen of the 29 projects show SO 
per cent or better during the first half of their life 
periods and 17 show 75 per cent or better for the entire 
period of observation. The figure of 80 per cent mean 
entirely dependable uninterrupted service in all weathers 
for passenger cars and trucks (5-ton maximum). 

Interpreted in terms of speed, 80 per cent quality 
of service implies safe movement of passenger cx 
50 miles per hour in dry weather and 30 to 35 mile 
per hour when heavy rain is falling. Similar it 
for trucks are 35 and 20 miles per hour, respectively. 
The figure of 75 per cent implies substantial satis!ac- 
tion in all weathers, but with reduced speeds 1 
weather, less smoothness, and more care in driving. 
It does not imply soft mudholes or serious slippi! 
wet weather. 


S 


INVESTIGATION SHOWS TRAFFIC LIMITS AND REPLACEMENT DATA 


FOR ROAD SOIL TYPES 

reh 
ails 
re- 


A study of Table 5 together with the related re 
data makes it pertinent to include here certain « 
and suggestions with regard to traffic limits a! 
placement which seem to be valid and helpful. 

\ In place of the 18-foot width of surface whic! 
projects represent, it is evidently wise to make the = 
26 feet wide for a 30-foot road (includes ditches 
wide). This eliminates the present 4-foot should 
poor grade local dirt and provides a freer drainage !rom 
the bottom of the surface into the side ditches. ‘The com- 
pacted surface should have an average depth of 7.5 inches 
(8 inches for the central 18 feet, reducing to 4 inclies 4 
the ditch margins). This is the present practice ° 

the Georgia State Highway Department and resuits 12 


nese 
face 
feet 


s of 
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more effective machine maintenance without danger of 
incorporating poor shoulder material into the road 
surface. 

Such construction requires 3,400 cubic yards of 
material per mile and costs, at present contract prices, 
about $1,700 in place under average conditions and 
with an average haul of 2 miles. 

The field observations and the tabulated data in- 
dicate that when traffic density exceeds 600 vehicles 
per day, the economic working capacity of these 
surfaces has, in general, probably been reached. 

To date, 15 of the 29 projects have carried a traffic 
ranging from 318 up to 1,015. Of these, three have 
been paved since 1922, mainly on account of dense 
trafiic—No. 1B, in Henry County, with a 1,015 count; 
No. 189, in Hart County, with 674 count; and No. 146, 
in Tift County, with 540 count. Project No. 77, in 
Charlton County, was originally built with gravel. 
Because of rapid loss of material, it was surface treated 
with asphalt. The traffic count of 800 is deemed to 
be lower than the actual 24-hour burden on this tourist 
route to Florida. 

Project No. 49, in Mitchell County, was paved in 
1925-26. At that time the traffic count was 253 and 
the surface was in excellent condition. The replace- 
ment was due to causes other than traffic density. 

Project No. 205, in Effingham County, was originally 
surfaced with a manifestly inadequate local soil and 
gave such poor surface that it was rebuilt with gravel 
as soon as practicable. The average traffic was 367 
vehicles daily. 

A comparison of the behavior of project No. 77, in 
Charlton County, and No. S-10-14, in Richmond 
County, gives instructive illustration regarding clay 
ingredients and gravel content. The latter project 
is built from a local gravel soil containing 35 per cent 
coarse material. It is bound by an excellent class A 
soil mortar containing a strongly adhesive kaolin type 
of clay. It has carried a heavy traffic burden (650 
daily vehicles) on an important tourist route. It was 
laid in varying depths from 8 to 5 inches. After 5.25 
years, it retains an average depth of 3.25 inches and 
has shown a quality service of 85 per cent. Its initial 
cost was $3,080 per mile, its annual distributed cost 
per mile is only $588, and its vehicle index is 90 cents. 
By contrast, No. 77, in Charlton County, was built 
with imported gravel containing 30 to 50 per cent 
coarse material. During three years’ service it lost 


surface thickness at the rate of 1 inch per year and was 
suri treated with asphalt to preserve it. Its soil 
mort 


was similar to the Richmond project in clay 
Perec tage, but evidently the quality of the clay was 
far lo-s adhesive. Its initial cost was $12,578 per mile, 
its annual distributed cost per mile was $3,070, and its 
Vehic'» index $3.84. The comparison is made to show 


that » better knowledge of the characteristics of the 
clay i.gredient in soil and gravel mixtures is vital to 
true economy in their use. 

Wit reference to project 1B, in Henry County, it is 
felt that the average daily traffic of 1,015 vehicles was 
well beyond the limit of road-soil efficiency. Despite 
an annial maintenance expenditure of $298 and 2 miles 
built of y irtually a gravel material (30 to 60 per cent 
Coarse raaterial), the service quality was not maintained 
ne a «0 per cent figure. The traffic found this road 

gh 


i irom quickly forming holes and corrugations 
> ose on top from constant scraping. It had no 
ep mud or serious traffic interruptions. Its vehicle 
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index is 57 cents. It appears from this project that 
when the vehicle index gets much below $1 it is prob- 
able that conditions are unsatisfactory and rebuilding 
with a higher type of material is necessary. The same 
indication is seen on project No. 5, in Bacon County, 
and No. 41, in Douglas County. 

Observing the special counts for February, 1927, it 
appears that most of the roads have grown steadily in 
vehicular service. Three projects apparently have lost 
traffic density and five seem to have remained station- 
ary. Project-No. 19, in Bleckley County, is one of the 
latter, and has the lowest count of 94 vehicles per day, 
It is low in maintenance cost and in annual distributed 
cost per mile but very high in vehicle index. Project 
No. 76, in Wheeler County, has shown a slight growth in 
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traffic. It was built when prices were very high, has 5. “‘Coarse material’? above 10 per cent ig amount 
a high annual distributed cost per mile, and with the ex- distinctly increases the stability and durability of the 
ception of No. 77, in Charlton County, has the highest surface, less with class C, and progressively more with 
vehicle index recorded. class B and class A mortars. 

Taking the foregoing discussion into consideration, it 6. ‘“Coarse material”’ is most effective when present 
is submitted that Table 5 is sufficiently representative in graded sizes from 1 inch downward. Such materia! 
in time, traffic records, and costs to establish a reason- of micaceous, feldspathic, or slaty types is most com 
able standard of expectancy for selected road soil monly soft and spon becomes valueless. 


surfaces, to wit: A 6 to 8 vear life at 75 per cent quality 7. Organic matter gives much initial adhesiv: 
of service for a traffic of 400 to 600 daily vehicles, with strength, but is soon oxidized or blown,away. 

an annual distributed cost per mile not exceeding $500 8. Of the total sand-in a road soil mortar, that por 
and an operative vehicle index close to $1 per vehicle tion which lies above the No. 60 sieve is a most impo. 
under the said traffic. tant factor in hardness, supporting value, and durability 


The accumulated data seem to give a useful basis of of the surface, especially under wet conditions. \ 
judgment to guide replacement programs. Roads with soil mortar of this type will not give satisfactory 
traffic counts below 400 and with no evidence of marked service unless it contains a liberal percentage of sand 
increase of traffic density may be wisely rebuilt with coarser than the No. 60 sieve, except in the case o! 
road-soil material. As the traffic conditions approach cherts. 


or exceed 600 vehicles and where conditions indicate MIXING, DEPOSITING, AND CONSOLIDATION 

rapid traffic growth, the use of a more durable type of The natural deposits of these materials, whethe: 

surfacing should be considered. surface or underground, are rarely of uniform composi- 
tion. It is most important to secure fair uniformity 


MORE IMPORTANT CONCLUSIONS AND SUGGESTIONS : : : 
SUMMARIZED before the road surface is consolidated. 


1. Topsoil deposits are usually thin surface layers, 
4 to 10 inches thick, and of limited area. They are 
loosened by plowing in one or more layers. Prefer- 
ably, the loosened material should be intimately 
mixed by harrowing before loading and depositing. 


The life history of road-soil surfaces reflects the com- 
bined results of original surface composition, depth, 
cross section, and width used, methods of mixing and 
consolidation, and continuous attention and upkeep 
by road machines. If the road soils selected lie within «a . “ata ae 

? ° ° .  e o,e > ine rote » ri Th Ss 
certain recognized limits of composition and are sub- Care in plowing only to the limit of good material 1 
: = ° : a an obvious precaution. 
jected to a traffic of moderate intensity (400 to 600 © Melita Adtesite coin @ it 
vehicles per day), the average quality and length of a ee Sern Saeevanen sees eee SROUN 
service are highly satisfactory, the maintenance opera- be + a yo repeated harrowings after deposit 
er “Ta ype? aR, , on the road bed. 
tions are quickly and easily performed, and ‘the cost of “3” Tytimate mixine is the a eT 
both construction and maintenance is gratifyingly low. .. 1. time the most. frec uently vielbhed rinciple of 

These types have a large and permanent place in ~” . AR age : : I a 

oe oe — construction with these types 
highway betterment in three directions: or ey i aes 

(1) As the first stage of surfacing for newly graded 4. The loose material of these surfaces shou ei 
ial caida pele ’ © 75 spread in one layer to the full depth of the surface. 
S. 


: A 12-inch loose depth with an expected consolidated 
(2) As the chief dependence for surfacing secondary 4 . Poses, 
: ~ depth of 8 inches or more is advised. 


roads. V x oe : 
, . . 5. Consolidation of the Joose material from the 
(3) As a valuable subgrade under higher types of ; ; Tig 
esitiiiinin : . . bottom upward is most effective. At present, this Is 


largely done by the wheels of construction teams and 
COMPOSITION AND CLASSIFICATION OF ROAD SOILS current traffic. Freshly placed surfacing which 1s 
reduced to a soft mud state by rain and is thoroughly 
puddled shows markedly greater strength than those 
which are packed with less moisture. 

6. The packing process is accompanied by repeated 
shaping of the surface with road machines until the 
finished cross section is finally set up. 

7. Lumpy consolidation in the early stages should 
be broken up by scarifying or plowing before final 
packing is permitted. 

8. Current vehicle traffic need not be detoured. 
Its presence is an aid to consolidation but its pa-sage 
over the loose surface should be guided and distri! uted. 

9. Clay subgrades should preferably be rolled and 
crowned before the surfacing is deposited. 


1. The mechanical analysis as at present used seems 
a satisfactory laboratory method in the premises and 
the definitions of coarse material, sand, silt, and clay 
are in the main acceptable. 

2. Knowledge of the differences in adhesive values 
of clays is insufficient. The way has been opened to 
supply this deficiency in accord with tests suggested 
by Dr. Charles Terzaghi for the identification of clays." 

3. Until a more accurate knowledge of the clay 
ingredient is available, the present limits of composi- 
tion for classes A, B, and C soil mortars may be allowed 
to stand. 

4. In judging these materials, full emphasis should 
be placed upon the soil mortar—i. e., material below 
the No. 10 sieve. Weak soil mortars even with large DEPTH AND WIDTH OF SURFACE 
amounts of ‘‘coarse material” often do not give proper 1. The surface material should extend from diich to 
stability under traffic. In general, class C mortars are ditch. For a 30-foot road (includes ditches 2 feet w ide) 
not to be recommended except for very light traffic or the main surface should be 18 feet wide with an average 
when the surface is to be covered with a 2-inch layer of depth of 8 inches and with a 6-inch depth cover!ig the 
gravel, semigravel, or coarse screenings. two 4-foot shoulders. 
or — von —— 2. The crown should be approximately one-quarter 


1 Principles of Soil Mechanics, by Dr. Charles Terzaghi, Engineeri News- ;: ° . « ibs 
Record, Nov. 5, 1925, et seq. (8 articles), vol. 96. ies Bineermmé News inch per foot. Heavier crowns frequently show ribs 
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made by water flowing to the side ditches. The light 
crown is more easily smoothed and maintained by road 
machines and drags. 


STABILITY FACTORS DISCUSSED 


Reliance for results is placed upon the properties and 
behavior of the several classes of ingredients (clay, silt, 
sand, coarse material), acting by virtue of mass and 
internal bond developed from interlocking grains and 
from the action of capillary moisture forces. 

The functions of the several ingredients in relation 
to binding strength and resistance to traffic and weather 
are conceived as follows: 

1. All the ingredients present contribute to a certain 
total of seating and embedment stability, and furnish 
mass and weight resistance to traffic impacts and pres- 
sures. 

2. The very fine ingredients, notably the clay 
(when in other than the liquid state), supply an addi- 
tional adhesive and cohesive bond which varies with 


the percentage of water and the capillary structure of, 


the mass. 

3. The coarser sizes of sand and the ‘coarse mate- 
rial’? furnish the main hardness and _ supporting 
strength, especially in wet weather. They also give 
the chief seating bond which the finer sand and silt 
and clay supplement by an embedment bond. 

4. In a rough sense, the integrity of the surface, 
during dry weather and with low moisture conditions, 
is largely maintained by the adhesive influence of the 
clay in preventing surface and internal displacement of 
the granular materials. 

5. This adhesive and cohesive action of the clay 
continues ‘through a wide range of internal moisture 
content, diminishing with the increase of the moisture. 
It becomes negligible if the surface is very wet, or, 
more accurately, when the clay reaches its lower liquid 
limit. Possibly, the silt plays a similar but less impor- 
tant part. As the cohesion, due to increasing moisture 
.content in the road slab, approaches zero, the stability 
of the surface depends more and more on the mechanical 
bond of the sand, and especially of the coarser sizes. 

6. The desirable composition of a suitably effective 
road soil may be stated as follows: 

_(a) Enough clay present to cement the sand and 
silt in dry or low moisture condition; but not so much 
clay that its expansion by water will dislocate the 
seating and embedment bond of the granular particles, 
viz, the surface should maintain a constant volume. 


(6) A liberal amount of coarse sand grains to fur- 
Nish »n adequate seating or bearing bond, not mate- 


nally affected by water eontent. 

(¢) Only moderate amounts of silt and very fine sand. 
A supcrabundance of silt, very fine sand, and especially 
of clay tend to reduce percolation after rains and to 
hold !srger amounts of water in the surface whereby 
the lower liquid limits of the fine ingredients are more 
rapidly approached, and the stability of the surface 
more rapidly weakened. 

7. When ‘“‘coarse material’’ is present or is added to 
good soil mortar in appreciable amount (10 per cent 
ormore), the hardness and durability of the surface is 
increased, and continues to increase until the full gravel 
type of surface is reached. 

8. Maintenance of a smooth surface and crown for 
Prompt removal of surface water is obviously desirable. 

ut regardless of this, rain water disappears with con- 
Siderable rapidity from holes or depressions showing 
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active percolation through the surface and rapid evapo- 
ration. The porosity of these surfaces when most 
densely packed is not less than 20 per cent. Thus 
permeability must be considered in relation to rate of 
gravity drainage and the attendant capillary retention 
in the clay and silt. Class A samples taken after long 
periods of rain always show high strength and no seri- 
ous internal softening. The condition shown in wet 
weather is commonly a thin coat of sandy mud, non- 
slippery, one-quarter to one-half inch deep on a firm 
supporting surface. 

9. The conclusion to be reached and its explanation 
are as follows: 

For class A soils: When rain begins, the clay in the 
surface layers expands and tends to close the surface 
pores and make the surface less pervious. If a smooth 
crown exists water is largely discharged into the side 
ditches. The expansion of the clay into the sensible 
pores prevents dislocation of the coarser sand grains. 
Entrained air aids in moisture exclusion. Abrasion by 
the traffic creates a thin layer of nonslippery mud which 
rebinds to the surface on drying out. Water collects in 
depressions, and either percolates through the surface 
or evaporates from the surface. Some weakening occurs, 
but owing to the sensible size of the pores and small 
amount of clay it is not serious. 

For soils high in clay: In wet weather the expan- 
sion of the clay loosens the mechanical bond of the 
sand grains. Absorbed water is retained by the clay 
in large amount. Layer by layer, the fine materials 
approach their lower liquid limit, and the wheels of 
traffic rapidly cut the surface into deep mud. This 
explains why it is desirable for surface material to extend 
from ditch to ditch, and why clay subgrades should be 
rolled and crowned. Both requirements provide better 
opportunity for prompt removal of percolating water to 
the side ditches. 

10. It is found that when 15 per cent or more “‘coarse 
material’ is present the allowable amount of clay in 
the mortar may be somewhat increased, limited by a 
maximum clay content of 25 per cent of the unseparated 
soil sample which includes the coarse material. 


LOSS OF SURFACE MATERIAL UNDER TRAFFIC 


Loss of material from soil surfaces is affected by 
several variable factors. The most important are ma- 
chining, dragging, and scarifying the surface, when 
concurrent with high winds or washing rains. 

1. The loss of surface depth is progressive but not 
at a uniform annual rate. 

2. The loss is not consistently related to the volume 
of traffic. 

3. Surfaces with 15 per cent or more of ‘coarse ma- 
terial’”’ resist depth losses much better than surfaces 
with little or no “‘coarse material.”’ 

4. The observed data indicates that in general the 
annual loss of thickness will be between one-half inch 
and 1 inch under a traffic of 400 to 600 vehicles per day. 

5. When surfaces are reduced to a depth of 2 inches 
or less, their behavior is directly influenced by the 
nature of the subsoil. Apparently, thin surfaces on 
subsoils high in clay content will cut through more 
easily in wet weather than those on sandy loam sub- 
soils; but not much difference is noted between thin 
surfaces on clay and those on very fine sand subsoil. 
The integrity of the surface is rapidly destroyed in 
both cases with the production of mud on clay subsoil 
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during rains, and loose sand pockets and wheel ruts in 
dry weather on the fine sandy subsoil. 

6. In general, when surfaces are worn to less than 3 
inches it is wise to scarify and rebuild them to an 8-inch 
compacted depth. 


LIMITS OF ACCEPTABILITY 


1. This type of road surface is best adapted to light 
or moderate traffic densities which this research data 
places at 400 to 600 vehicles per day according to com- 
position of the surface and to the provision for constant 
patrol maintenance. Adequate equipment for an intel- 
ligent execution of maintenance work has much to do 
with both the quality of service rendered and the effi- 
cient life of such roads. 

2. The expectancy shown by Table 5 and other re- 
search results is an effective life of 6 to 8 years under 
400 to 600 vehicles daily, with a quality of service of 75 
per cent, an annual distributed cost per mile of $500, 
and an operating index of $1 per daily vehicle per mile 
per year. 


ROAD SOIL SURFACES AS SUBGRADES FOR PAVED ROADS 


As subgrades under pavements these surfaces have 
the following merits: 

1. A well-established initial supporting value which 
is quite uniform. 

2. A structure which is not easily softened by water 
or conducive to capillary rise of moisture from the sub- 
soil below. 

3. Not liable to damage from expansion under frost 
under the climatic conditions found in Georgia. Cases 
have been observed in winter where a firm, dry road 
soil surface was flanked by clay shoulders on which 
hoar frost stood several inches in height. 


ECONOMIC ASPECTS 


1. Road soils such as semigravel, top soil, natural 
sand-clay, artificial sand-clay mixtures, iron-silica 
pebble deposits and cherts are available over large 
areas of the State. Their normal cost at present 
contract prices may be estimated within limits of 
. $1,800 to $2,500 per mile for a 26-foot surface, averaging 
7% inches compacted depth and requiring 3,400 cubic 
yards of loose material per mile. 

2. The normal life expectancy of such surfaces with 
a traffic of 400 to 600 vehicles per day may be taken at 
6 to 8 years before replacement. 

3. The normal provision for maintenance should be 
at least $200 per mile per year. 
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4. The annual interest charges at 5 per cent will be 
$90 to $125 per mile for the initial cost limits suggested 
to be amortized as depreciation occurs. 

5. A satisfactory annual distributed cost per mile 
range is from $450 to $650 per mile per year with » 
corresponding operating index close to $1 per yea: 
when a traffic density of 400 to 600 vehicles per day i: 
reached. This gives a highly satisfactory service qual- 
ity expressed as 75 to 80 per cent. 

6. Traffic above 800 vehicles per day increases the 
maintenance cost and lowers the life expectancy to « 
marked extent except with semigravel surfaces contain 
ing more than25 per cent of ‘‘coarse material.” 

7. The data secured by the 5-year study of road 
soil surfaces is deemed sufficient to establish the eco- 
nomic basis suggested for these types. 


ATTAINMENT OF BETTER RESULTS 


Despite the many variables involved, knowledge 
and methods now available enable the engineer to 
secure very substantial road service from these road 
soil surfaces at a remarkably low cost. There is, how- 
ever, the possibility of further improvement. Better 
results in service and durability can be reached mainly 
glong the following lines: 

1. Greater care in construction with regard to the 
details which affect uniformity of composition and inti- 
mate mixing before consolidation. 

2. Improved types of machines for quickly and more 
uniformly packing the loose material from the bottom 
upward. 

3. The abundant use of water during the consolida- 
tion stage, either by taking advantage of rains and 
scarifying or puddling the surface before its final 
consolidation is permitted, or by the most liberal use 
of sprinkling carts which circumstance and finances 
permit. 

4. A more intelligent appreciation and specific know!- 
edge on the part of both engineers and contractors of 
the possibilities attainable. 


SUGGESTIONS FOR FURTHER RESEARCH 


A prerequisite for substantial improvemen( in 
results with road soils is a more definite knowledve of 
the quality of the clay ingredients. As a result of the 
Terzaghi experiments the way has been opened to 
attain such knowledge. It will require patience, 
special apparatus, and specially trained men, but the 
effort will be fully repaid in applying such know!edge 
on the immense mileage of the low-traffic public 
yet to be improved. 
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ipplicants are urgently requested to ask only for those publications in 
which they are particularly interested. The Department can not under- 
take to supply complete sets nor to send free more than one copy of any 
publication to any one person. The editions of some of the publications 
are necessarily limited, and when the Department’s free supply is 
exhausted and no funds are available for procuring additional copies, 
applicants are referred to the Superintendent of Documents, Govern- 
ment Printing Office, this city, who has them for sale at a nominal price, 
under the law of January 12, 1895. Those publications in this list, the 
Department supply of which is exhausted, can only be secured by pur- 
chase from the Superintendent of Documents, who is not authorized 
to furnish publications free. 
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Road Models. 

Progress Report of Experiments in Dust Prevention 
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*314D. Methods for the Examination of Bituminous Road 
Materials. 10c. 

*347D. Methods for the Determination of the Physical 
Properties of Road-Building Rock.  10e. 

*370D. The Results of Physical Tests of Road-Building 
Rock. 15c. 

386D. Public Road Mileage and Revenues in the Middle 
Atlantic States, 1914. 

387D. Publie Road Mileage and Revenues in the Southern 
States, 1914. 

388D. Public Road Mileage and Revenues in the New 

™ England States, 1914. 
390D. Public Road Mileage and Revenues in the United 
States, 1914. A Summary. 

107D. Progress Reports of Experiments in Dust Prevention 
and Road Preservation, 1915. 

163D. Earth, Sand-Clay, and Gravel Roads. 

*532D. The Expansion and Contraction of Concrete and 
Concrete Roads. 10c. 

937D. The Results of Physical Tests of Road-Building Rock 
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83D. Reports on Experimental Convict Road Camp, 
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OD. Highway Cost Keeping. 10c. 

70D. The Results of Physical Tests of Road-Building 
Rock in 1916 and 1917. 

*OULD. Typical Specifications for Bituminous Road Mate- 
rials. 10¢e. 

{D. Drainage Methods and Foundations for County 
Roads. 20c. 

121 D. Tentative Standard Methods of Sampling and Test- 
ing Highway Materials, adopted by the American 
Association of State Highway Officials and ap- 
proved by the Secretary of Agriculture for use in 
connection with Federal-aid road construction. 

12" |). Standard Specifications for Steel Highway Bridges, 


adopted by the American Association of State 
Highway Officials and approved by the Secretary 
of Agriculture for use in connection with Federal- 
aid road work. 
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1486D. Highway Bridge Location. 
DEPARTMENT CIRCULARS 
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TECHNICAL BULLETIN 
No. 55. Highway Bridge Surveys. 
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No. 62M. Standards Governing Plans, Specifications, Con- 
tract Forms, and Estimates for Federal-Aid 
Highway Projects 
93M. Direct Production Costs of Broken Stone. 
*109M. Federal Legislation and Regulations Relating to the 
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Forest Roads and Trails. 10c. 
SEPARATE REPRINTS FROM THE YEARBOOK 
No. 914Y. Highways and Highway Transportation. 
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TRANSPORTATION SURVEY REPORTS 


Report of a Survey of 
System of Connecticut 

Report of a Survey of Transportation on the State Highway 
System of Ohio 

Report of a Survey of Transportation on the State Highways of 
Vermont. 

Report of a Survey of Transportation on the State Highways of 
New Hampshire. 

Report of a Plan of Highway Improvement in the Regional Area 
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Report of a Survey of Transportation on the State Highways of 
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Transportation on the State Highway 


REPRINTS FROM THE JOURNAL OF AGRICULTURAL RESEARCH 


Vol. 5, No. 17, D- 2. Effect of Controllable Variables upon the 
Penetration Test for Asphalts and 
Asphalt Cements. 

Vol. 5, No. 19, D- 3. Relation Between Properties of Hardness 
and Toughness of Road-Building Rock. 

Vol. 5, No. 24, D- 6. A New Penetration Needle for Use in 
Testing Bituminous Materials. 

Vol. 6, No. 6, D- 8. Tests of Three Large-Sized Reinforced- 
Concrete Slabs Under Concentrated 
Loading. 

Vol. 11, No. 10, D-15. Tests of a Large-Sized Reinforced-Con- 


crete Slab Subjected to Eccentric 


Concentrated Loads. 
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